Abstract The aim of this study was to examine the effect of demographic, socioeconomic, environmental, maternal reproductive, dietary, and nutritional variables on diarrhea risk and prognosis using a hierarchical framework. A case-control study of children aged 0-23 months in Greater Metropolitan
Introduction
Diarrheal diseases are still associated with a high mortality rate among children (Murray & Lopez, 1997) , causing an estimated 1.5 million deaths in the year 2000 (Victora et al., 2000) . Diarrhea is a worldwide problem, but the implications of diarrheal diseases are particularly evident in developing countries.
Although oral rehydration therapy has been available for approximately thirty years and its use has contributed to a major decline in the diarrheal mortality rate (Victora et al., 2000) , diarrheal morbidity is still a major problem among under-fives, mostly in the first year of life. Pooled data published in 1992 from 22 longitudinal studies conducted in 12 countries showed that infants aged 6-11 months had a median incidence of five episodes of diarrhea per year (Bern et al., 1992) . Several reports have identified socioeconomic, environmental, maternal, nutritional, and other characteristics as risk factors for diarrheal morbidity or mortality (Awasthi et al., 1996; Clemens et al., 1999; Mirza et al., 1997) . Poverty, low parental schooling, poor sanitation, lack of water supply, crowding, early childbirth, short birth intervals, lack of breastfeeding, and malnutrition are factors associated with diarrhea (Awasthi et al., 1996; Brattacharya et al., 1995; Howie et al., 1990; Mirza et al., 1997; Raisler et al., 1999; Scariati et al., 1997) .
Most studies have used cross-sectional or cohort designs as opposed to a case-control methodology. We found no case-control studies designed to simultaneously compare risk and prognostic factors for dehydrating diarrhea, using data from the same population. Identification of factors related simultaneously to the risk of acquiring diarrhea and its prognosis would be particularly relevant, potentially bolstering the effect of a particular intervention. We therefore examined the effects of socioeconomic, environmental, maternal reproductive, dietary, and nutritional variables on the risk and prognosis of diarrhea, using data from a 1987-1988 case-control study.
Participants and methods

Design
This was a case-control study including three groups: dehydrating diarrhea cases, mild diarrhea cases, and non-diarrhea controls.
Study definitions
Dehydrating diarrhea cases included children aged 0-23 months residing in Greater Metropolitan Porto Alegre, southern Brazil, enrolled from December 1987 to March 1988 from the city's two largest pediatric hospitals. Dehydrating diarrhea was defined as an episode of acute diarrhea (less than eight days duration) and presence of a persistent skinfold plus at least one of the following signs: sunken fontanel, dry mouth and tongue, sunken eyes, reduced urinary output, weak pulse, drowsiness, or irritability. Diagnosis of diarrhea was based on three or more loose or watery bowel movements within 24 hours for children older than 3 months or according to the mother's report of more frequent and poorly formed stools (as compared to normal) for younger children. All children meeting these criteria were enrolled from the largest pediatric hospital, and a systematic random sample of eligible children from the second hospital was included. Cases of mild diarrhea were defined as children with diarrhea in the seven days preceding the interview and without signs of dehydration. They were individually matched to the severe diarrhea cases by age (0-11, 12-23 months) and neighborhood. When a hospital case was identified, an interviewer visited this child's home to interview the mother. Starting at this site, the interviewer used a standard procedure to move around the neighborhood, visiting every house until a child with mild diarrhea was identified.
Non-diarrhea controls were children identified in the same neighborhood and from the same age bracket as dehydrating diarrhea cases, who had not presented diarrhea in the preceding seven days. Figure 1 shows the framework for enrollment of cases and controls. Risk factors for dehydrating diarrhea were investigated by comparing cases of dehydrating diarrhea and nondiarrhea controls. Prognostic factors for dehydration were established by comparing cases of dehydrating and mild diarrhea. Finally, risk factors for mild diarrhea were ascertained by comparing cases of mild diarrhea with non-diarrhea controls.
Study variables and data collection
Standardized interviews with mothers or caretakers provided data on socioeconomic, maternal reproductive, demographic, nutritional, and health-care characteristics. The mother's skin color and key environmental characteris-tics were assessed through observation by six trained interviewers. The variables presented in this paper included children's age (0-1, 2-3, 4-5, 6-8, 9-11, 12-17, or 18-23 months) , family income (measured as "times the prevailing minimum wage"; ≤ 3.6 or > 3.6), father's presence in household and schooling (absent and illiterate or 1 or more years of schooling), mother's schooling (in years, ≤ 8 or > 8), type of housing (masonry construction versus shacks), water supply (indoor running water, outdoor running water on property, outdoor running water in neighborhood, public well, or river), flush toilet (yes or no), number of under-fives living in the house (1-2 or 3-6), home cleanliness (index based on observation of availability of soap for washing hands and towels for drying, food scraps in uncovered pans, pans kept covered on the stove, presence and number of flies in the kitchen or living room, feces or standing water in the yard, presence of pets), maternal age (≤ 20 years old versus > 20), twin birth (yes or no), birth order (1-2, 3, > 3), birth weight (reported by the mother or recorded on the birth certificate, categorized as < 2,500, 2,500-2,999, ≥ 3,000g), height-for-age, weightfor-height, and weight-for-age (all three in zscores categorized as, ≤ 2, -1 to -1,9, > -1), previous hospitalization for any reason (yes or no), type of milk consumed (breast, breast + nonbreast, non-breast), and current breastfeeding status (still breastfeeding, if breastmilk constituted any portion of the child's diet; stopped breastfeeding; never breastfed). Since breastfeeding may have been interrupted as a result of the diarrhea, children weaned during the episode were classified as still breastfed.
Sample size and strategies for data analysis
The sample size was calculated to detect an odds ratio of at least 1.5, with 80% power and 5% significance level (two-tailed) for a prevalence of exposure among controls ranging from 20% to 65%. Independent variables were grouped into different hierarchical levels of determination, ranging from distal determinants such socioeconomic characteristics, including environmental, maternal reproductive, and demographic factors, and leading to proximal determinants such as nutrition (anthropometry and diet). We included variables at each level based on the strength of association in the crude analyses (a p level < 0.1 was required).
One regression equation was fitted for each hierarchical level, also including variables from higher levels of determination (Victora et al., 1997) . We conducted separate analyses for each RISK AND PROGNOSTIC FOR DIARRHEAL DISEASE 775 case-control combination through conditional logistic regression using the Egret statistical package (Breslow & Day, 1980) .
Results
All but eight children out of 200 identified with dehydrating diarrhea were studied. Seven children with mild diarrhea could not be interviewed and were replaced by their next-nearest eligible neighbor. All eligible children without diarrhea agreed to participate. Table 1 shows the distribution of target variables according to the diarrhea outcomes. Most of the characteristics of children with mild diarrhea showed an intermediate distribution between those from dehydrating diarrhea cases and non-diarrhea controls. Table 2 shows that age was closely related to all diarrhea outcomes, but the groups at highest risk varied. Children in the first two months of life were protected from developing diarrhea, but once they acquired the disease, they were at about 23 times the risk of dehydration as compared to those in the 9-11 month age bracket. Infants aged two to three months had seven times the likelihood of developing dehydrating diarrhea as compared to those 9-11 months old. Due to matching, children aged 12-23 months had to be analyzed separately from those under 12 months. In the second year of life an increased risk of dehydrating diarrhea appeared in children aged 12 to 17 months. Our data analysis did not indicate any Framework for studying risk and prognostic factors for diarrheal diseases.
Healthy children
Risk factors for mild diarrhea
Risk factors for dehydrating diarrhea v gender-related differences in risk or prognostic factors for diarrhea.
Low socioeconomic status was one determinant of dehydrating diarrhea, although there was no significant association with mild diarrhea (Table 3) . Low family income doubled the risk of dehydrating diarrhea, independently of the father's presence in the household or educational level or the mother's skin color. Paternal schooling was the main socioeconomic risk and prognostic factor for dehydrating diarrhea, while maternal education had no independent effect. Mixed skin color classification of mothers, although adjusted for other socioeconomic variables, was associated with a twofold increase in the risk and in a poor prognosis for dehydration. Children of working mothers were less likely to have a poor prognosis than children of non-working mothers. Table 4 shows that living in the same household with three to six other under-fives or lack of home cleanliness (in the kitchen, living room, and yard) increased the risk of dehydrating diarrhea, since both variables were associated with the risk of mild diarrhea as well as with a poor prognosis. Lack of a refrigerator was associated with a two-fold increase in the risk of developing mild diarrhea.
Children of mothers under 20 years of age had approximately four times the risk of dehydration, since this exposure was independently associated with risk and prognosis for dehydrating diarrhea (Table 5) . Among the remaining maternal reproductive characteristics, higher birth order was associated with a poor prognosis, while twinship was associated with increased risk of dehydrating diarrhea. Table 6 shows the strength of independent associations between nutritional status/feeding practices and diarrhea outcomes. Most nutritional variables were significantly associated with both the risk of dehydrating diarrhea and a poor prognosis, but not with risk of mild diarrhea. Low birth-weight children were at a significantly higher risk of developing dehydration as compared to normal-weight children. Poor nutritional status as measured by heightfor-age resulted in a 4.5-fold increase in the risk of dehydrating diarrhea. Poor feeding practices accounted for both an increased risk and a worse prognosis. During the first two years of life, interrupting breastfeeding just prior to the onset of the episode resulted in a 6-fold increase in the risk of developing dehydrating diarrhea. Discussion Table 7 summarizes both risk and prognostic factors. Factors that increased the risk of dehydrating diarrhea were associated with a poor prognosis for a given episode of diarrhea rather than increasing the risk of mild diarrhea. Insofar as the study was able to ascertain, socioeconomic variables did not distinguish children at risk of developing mild diarrhea. Children in low-income areas often have similar exposures, such as low parental education. The neighborhood-matched design did not allow the identification of these variables as risk factors for developing mild diarrhea. Although conditional logistic regression was performed and the analyses were based on discordant pairs, overmatching may still have affected the precision of odds ratios estimates (Rothman & Greenland, 1998) .
Children were matched in two broad age categories to the dehydrating diarrhea cases. However, since there were residual differences and analyses were conducted within small intervals, age was both a risk and prognostic factor for dehydrating diarrhea. Children under two months were largely protected from mild diarrhea, but they were also at increased risk of dehydration, since the prognosis of diarrhea improved sharply with age. Furthermore, children aged two to three months were equally exposed to a high risk and poor prognosis for dehydrating diarrhea. These associations may be linked to feeding practices, particularly the interruption of breastfeeding.
The effects of each socioeconomic risk factor were adjusted for those of all other such variables. Both very low household income and low paternal education were independent determinants of dehydrating diarrhea. Although most studies detected maternal schooling as a risk factor for childhood diarrhea (Hussain & Smith, 1999; Yoon et al., 1996) , our study did not detect an association with mother's education. This may be explained by the inclusion of paternal schooling in the same model, attenuating the effect of the former (Desai & Alva, 1998) and suggesting that the effect of maternal education is not independent of socioeconomic level (Dargent-Molina et al., 1994) . Maternal work had a paradoxical effect. Children of working mothers tended to be at increased risk of mild diarrhea (although statistically not quite significant) (Hussain & Smith, 1999) but at the same time had a better prognosis. Maternal work may keep women outside the home without simultaneously ensuring adequate child care (Lamontagne et al., 1998; Reed et al., 1996) . However, once their children had developed diarrhea, working mothers reinforced their care and were thus able to prevent dehydration.
Although several environmental factors were significantly associated with diarrheal morbidity according to bivariate analysis, after adjusting for confounding only the lack of a refrigerator in the household remained as a risk factor for mild diarrhea (Hussain & Smith, 1999) . Families living in this city seldom used open wells or rivers as their source of drinking and cooking water. Accordingly, the odds ratios were approximately equal to three but the confidence intervals were wide due to the low prevalence of exposure. Children of families who had outdoor running water had a two-fold risk of dehydrating diarrhea as compared to those with Table 2 Association between demographic variables and diarrhea outcomes.
Variables Dehydrating diarrhea Prognosis of diarrhea Mild diarrhea Crude odds ratio (95% CI)
Crude odds ratio (95% CI) Crude odds ratio (95% CI)
Age ( Table 3 Association between socioeconomic variables and diarrhea outcomes.
Variables Dehydrating diarrhea Prognosis of diarrhea Mild diarrhea Adjusted odds ratio 1
Adjusted odds ratio 2 Adjusted odds ratio 3 (95% CI) (95% CI) (95% CI)
Family income (times minimum wage) ≥ 3.6 1.0 1.0 1.0 < 3. Odds ratios were adjusted for: 1 father's schooling and presence, mother's skin color, family income; 2 father's schooling and presence, mother's skin color, maternal work; 3 maternal work. Table 4 Association between environmental variables and diarrhea outcomes.
Adjusted odds ratio 2 Adjusted odds ratio 3 (95% CI) (95% CI) (95% Odds ratios were adjusted for variables described in Table 2 plus: 1 number of under-fives, type of housing, water supply, home cleanliness; 2 number of under-fives, home cleanliness; 3 use of refrigerator, water supply. Table 5 Association between maternal reproductive variables and diarrhea outcomes.
Adjusted odds ratio 2 Adjusted odds ratio 3 (95% CI) (95% CI) ( Odds ratios were adjusted for variables described in Table 3 plus: 1 twin, maternal age; 2 maternal age, birth order; 3 birth order.
Cad. Saúde Pública, Rio de Janeiro, 18(3): 773-782, mai-jun, 2002 indoor running water. Families tended to use the same sink for washing hands, diapers, clothes, and kitchen utensils. In addition, the number of under-fives in the home and home cleanliness were associated with the severity but not with the incidence of diarrhea (Gorter et al., 1998; Vasquez et al., 1999) . One might expect environmental factors to be primarily associated with incidence and rather than severity of diarrhea. However, children in sub-standard environments may have been subjected to greater microbial loads and therefore presented more severe disease (al-Mazrou et al., 1995) . Children of teenage mothers were at greater risk of dehydration, suggesting that these mothers were less prepared to deal with the disease (al-Mazrou et al., 1995) . High birth order was associated with increased severity of diarrhea, and twins were at greater risk of dehydrating diarrhea, independently of maternal age.
Low birth weight, lack of breastfeeding, and malnutrition have been associated with disease burden and increased mortality (D' Souza, 1997; Hussain & Smith, 1999) . Particularly for diarrheal diseases, most studies have analyzed risk and prognostic factors without proper control for potential confounding variables (Dargent-Molina et al., 1994; Teka et al., 1996) .
Adjustment for confounding variables is necessary because higher socioeconomic status is known to be associated both with lower rates of diarrhea and breastfeeding practices during infancy. Even children selected from the same neighborhood had different exposure levels, as shown in this study for severity of the diarrheal episode. Lack of breastfeeding had a greater effect on risk of dehydration than on prognosis of diarrhea, but unlike other studies it was not associated with mild diarrhea. Since mixed-fed and weaned infants consume greater amounts of supplemental liquids, the protective effect of breastmilk was shown by comparing total breastfed with non-breastfed children (Raisler et al., 1999) . Due to the small number Table 6 Association between nutritional variables and diarrhea outcomes.
Variables
Dehydrating Odds ratios were adjusted for variables described in Table 4 plus: 1 birth weight, age of the children, weight-for-age, type of milk, previous hospitalization; 2 birth weight, age of the children, height-for-age, type of milk; 3 age of the children, weight-for-age, type of milk; 4 not adjusted for age of the children. of children in some categories, confidence intervals were wide and included unity (prognostic factor). This study discussed the application of a case-control design to address an issue usually examined by cohort studies. In a cohort study a group of healthy children needs to be identified and followed up for a certain period of time to detect diarrheal episodes. Although most children have self-limiting diarrhea, a few progress to dehydration. At this point it would be theoretically possible to assess the three outcomes: risk factors for mild diarrhea, prognosis of the diarrheal episode, and risk factors for dehydrating diarrhea. However, since a diarrheal episode mandates the use of oral rehydration therapy, such an approach would be ethically unfeasible. Second, dehydration complicates less than 5% of all diarrheal episodes, and a large number of children would have to be followed up in order to obtain a sufficient sample. A case-control design overcame both the potential ethical issue (since children were selected after the outcome occurred) and logistic problems related to the sample size.
Some additional methodological issues need to be highlighted. Ideally, cases and controls would come from the same population in order to make valid comparisons about exposure conditions. To assure the validity of this casecontrol study, community controls were selected from the same neighborhood as the cases treated in the reference hospitals. These controls were expected to have been identified as cases if they had developed dehydrating diarrhea.
However, individual matching led to potential similarities regarding exposure. For example, matching controls to cases according to age was particularly relevant to allow the identification of breastfeeding status and other agedependent exposures. Although this approach is advantageous, overmatching could be a potential problem since case and controls were likely to share the same environmental conditions, therefore leading some exposures to not be identified as risk or prognostic factors.
Finally, this study discussed a unique application of a case-control design to assess risk and prognostic factors simultaneously; an approach that would usually require a cohort study. Besides, the introduction of explanatory variables in the analysis according to a conceptual framework of determination demonstrated that in the same setting, different variables might act as risk, prognostic, and/or confounding factors, depending on the outcomes.
